The present study was aimed at examining spatial learning and memory in 33 men and 12 women with alcohol use disorder (AUD) undergoing ethanol detoxification by using a virtual Morris task. As controls, we recruited 29 men and 10 women among episodic drinkers without a history of alcohol addiction and/or alcohol related diseases. Elevated latency to the first movement in all trials was observed only in AUD persons, furthermore, control women had higher latencies compared to control men. Increased time spent to reach the hidden platform in the learning phase was found for women of both groups compared to men, in particular during trial 3. As predicted AUD persons (more evident in men) spent less time in the target quadrant during the probe trial, however, AUD women had higher latencies to reach the platform in the visible condition during trials 6 and 7 that resulted to be associated higher distance moved. As for the probe trial men of both groups showed increased virtual locomotion compared to the women of both groups. The present investigation confirms and extends previous studies showing i: different gender responses in spatial learning tasks; ii: some alterations due to alcohol addiction in virtual spatial learning and iii: differences between AUD men and AUD women in spatial behavioural related paradigms.
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Introduction
Heavy alcohol consumption is known to be associated with changes across several domains of cognition including executive functioning and memory domains (OscarBerman and Marinkovic 2003, 2007) . Indeed in alcoholics, most of the principal memory components are affected, including spatial memory, working memory, episodic memory, semantic memory, perceptual memory, and procedural memory (Pitel et al. 2014 ). The extent of those cognitive impairments depends on several factors, such as age, gender, nutritional status, and psychiatric comorbidity. Nevertheless, recovery of memory abilities has been described with abstinence in uncomplicated persons with alcohol use disorder (AUD) (Novier et al. 2015 for review) . It has been shown that in young adults (approximately 21 years), binge drinking is associated with deficits in cognitive functions related to the dorsolateral prefrontal cortex, as well as alterations in memory functions, associated with the temporal lobe (Scaife and Duka 2009 ).
Adolescents after a period of three weeks of withdrawal had a lower verbal learning and a lower visual reproduction (Brown et al. 2000) . In adult AUD people, impairments on word recall were detected after a 3-weeks-long abstinence (Schottenbauer et al. 2007) whereas long-lasting disruptions in spatial processing were revealed after a longer abstinence, but other domains of cognitive functioning recovered with prolonged abstinence (Fein et al. 2006) . Quite interestingly, it has also been demonstrated that adults with elevated risk for alcohol abuse, but who do not yet meet diagnostic criteria, verbal learning was affected by binge drinking, whereas spatial learning appeared to be not fully compromised (Sneider et al. 2013a) . In an other report on the toxic effects of alcohol on cognition it was shown that even at a subsyndromal level young adults make risky decisions mimicking those observed in individuals with alcohol-associated diseases (Harvanko et al. 2012 ). Moreover, acute or binge drinking affects executive-D r a f t 4 type cognitive functions, working memory and pattern recognition tasks (Weissenborn and Duka 2003) . Previously reported human studies showed spatial impairments in detoxified AUD people (Beatty et al. 1996; Kramer et al. 1991) or motor control, attentional and motivational deficits (Ceccanti et al. 2015b ). However, there are not studies on spatial cognition that did take into account gender differences.
As for sex differences, it is well known that men and women respond quite differently to ethanol addiction (reviewed in Erol and Karpyak 2015; Holmila and Raitasalo 2005) .
Compared to men, women are lifetime abstainers, drink less, and are less likely to engage in drinking problems, develop alcohol-related disorders or alcohol withdrawal symptoms. However, women who drink excessively develop more medical complications. Biological (sex-related) factors, including differences in alcohol pharmacokinetics as well as alcohol effects on brain function and the levels of sex hormones, may contribute to some of those differences (Nixon et al. 2014) . Evidence indicates that sex-related factors are interacting with alcohol use in a complex manner, which differentially impact the risk for development of the behavioural or medical problems in men and women.
Notably, a large literature on gender differences in humans on spatial memory and navigation, is available evidencing gender differences possibly linked to differences in the strategy put in action to navigate (Bosco et al. 2004; Saucier et al. 2002) and are usually detected more in the learning paradigm than in the recalling ones (Palermo et al. 2008; Piccardi et al. 2008) . It should be noted that in AUD people gender matters because could have an impact at two different levels: one level (i.e., physiological level)
is specific to the response to ethanol addiction; the other is a cognitive level (spatial navigation/memory performance could be different among the two genders). Thus AUD men and AUD women can behave differently in spatial memory/navigation because i, the ethanol might affect in a different way neuronal substrates involved in these skills, ii, ethanol addiction can differently impact on skills that are already different at "baseline" D r a f t or a combination of these factors.
Thus, the aim of the present study was to examine, in men and women with alcohol dependence undergoing ethanol detoxification compared to controls with no history of alcohol abuse or alcohol related disorders, spatial memory function by using a virtual analogue of the Morris water task to analyze spatial memory (Ceccanti et al. 2015b; Hamilton et al. 2002 Hamilton et al. , 2009 AUD men and 62 AUD women but following the exclusion criteria described later the testing was carried out on 33 AUD men and 12 AUD women subjected to detoxification including some male participants of a previous study (Ceccanti et al. 2015a ). The consumption from the first year of regular drinking and specific amounts of alcohol consumed over the past six months respectively. Participants were asked to perform the virtual Morris task only after the disappearing of the withdrawal symptoms according to a set of specific evidences, such as elevated blood pressure, tachycardia, tremor, sweating (see cumulative abstinence days -CAD -in Table 1 ). antidepressants, hallucinogens -data based on urine analyses), seizure disorder or central nervous system diseases and no sign of hypertension at the time of recruitment. Another exclusion criterion for all participants was the lack of familiarity with the use of a computer. Blood alcohol levels were measured in all participants by using Alcoscan AL7000. All participants provided written informed consent after receiving a complete description of the study. The study was approved by the university hospital ethics committee at (Sapienza Universita' di Roma, Italy), and all study procedures were in accordance with the Helsinki Declaration of 1975, as revised in 1983, for human experimentation.
Virtual Morris water task
A virtual version of the Morris Water Maze was used (Hamilton et al. 2002 (Hamilton et al. , 2009 ) with minor modifications (Fiore et al. 2002; Hamilton et al. 2003) . We examined only a single time to avoid any kind of habituation profile in the responses to the virtual task. It consists of the display of a square environment containing a circular pool of water as shown in Fig. 1 (see Hamilton et al. 2003) . Four rectangular drawings that were distinguishable by their size, colour, and placement on the walls surrounding the pool, served as navigational cues to support orientation. Each cue was placed on a different
wall of the room and stretched from the ceiling to the pool wall. Participants navigated in the pool from a first-person perspective and moved around by using the 'up', 'left'
and 'right' arrow cursor keys of the keyboard. Following methods previously described (Skelton et al. 2000) to more closely mimic typical rodent behavior, the 'back' arrow key was disabled to not permit participants to back up. If participants needed to turn around, they had to spin 180° around their left or right axis using the right or left arrow keys. Participants performed the experiment on a PC with a 21-inch monitor in a room without windows of the Centro Riferimento Alcologico Regione Lazio, Rome, Italy.
Participants were told that after completion of a trial, the screen would be clear and the enter key on the keyboard must be pressed to start the next trial. The starting position of each trial was randomly chosen by the computer software to not induce direction pathways' preferences. In order to limit the procedure to a maximum of 15 min to not affect participants' concentration and motivational abilities patients and controls were subjected to a total number of 7 consecutive experimental trials. Indeed, testing consisted (without any training trial) of four trials (learning phase) where the participants had to navigate to the hidden platform located in the North-East quadrant (target); if they swam over the area of the pool where the platform was located, a tone sounded, the platform raised out of the water and a message saying "congratulations" was displayed. If 120 seconds elapsed without platform retrieving by participants, the platform was raised out of the pool so that it was visible and a message appeared "Time has expired. Please swim toward the platform". After the learning phase, participants underwent a single platform-less trial (probe trial). In the probe trial, there was no indication for the participants that the probe trial was different from the learning phase until it was completed. These trials allowed examination of where in the pool the participant searched for the platform without receiving feedback. The logic is that the participant by using the spatial cues to locate the platform would spend the majority of their swimming during the probe trial in the target quadrant of the pool. Upon the D r a f t conclusion of the probe trial, the platform was raised out of the water so that it was visible to the participants. This last phase is referred to as "visible platform phase" and consisted of two trials. All events and consequences were identical to those of the previous phases. The visible platform phase is aimed to assess possible attentional, motivational, locomotor or perceptive difficulties due to the interaction with a workstation. Data analyzed were: i, the latency to the first movement in all trials; ii, the latency to reach the hidden platform in the learning phase; iii, the latency to reach the visible platform; iv the total distance moved in all trials; v, the time spent in % in the quadrants with the hidden platform (probe trial).
Figure 1 here
As for the reliability of the testing, more than three decades ago, an apparatus was described to study spatial learning and memory in laboratory rats (Morris et al. 1982) .
Since that time it has become one of the most influential and important methods in behavioural neurosciences (D'Hooge and De Deyn 2001; Fiore et al. 2000 Fiore et al. , 2002 .
Likewise, the virtual Morris water task is ordinarily used for investigating changes in spatial memory in humans. A study has shown sex differences in brain activation during a spatial navigation task in healthy adults due to a higher number of brain areas involved in spatial processing by women engaged in learning information about the environment (Sneider et al. 2011 ). An investigation on marijuana smokers revealed some impairments in the virtual Morris water task associated with parahippocampal hypoactivation, leading to differences in neuronal resources utilized during memory retrieval (Sneider et al. 2013b ). However, the virtual Morris water task is mainly used to investigate spatial memory disruptions due to central nervous system human diseases involving, for the most part, the hippocampus and adjacent limbic areas. Recently, spatial navigation assessment has been used in patients affected by Alzheimer's disease D r a f t (Possin et al. 2016; Wood 2016) , by Huntington's disease (Begeti et al. 2016) , in amnestic mild cognitive impairments (Migo et al. 2016) , in patients affected by major depression (Cornwell et al. 2010) , following the first episode of schizophrenia (Fajnerova et al. 2014) , and in patients following traumatic brain injury (Skelton et al. 2000) such as hippocampal damage (Astur et al. 2002; Goodrich-Hunsaker et al. 2010) and vestibular dysfunction (Brandt et al. 2005; Hüfner et al. 2007 ).
Statistical analyses
ANOVA with alcohol dependence (AUD participants, control participants) and gender (females, males) as independent variables was used to analyze: i, the latency to the first movement in all trials; ii, the latency to reach the hidden platform in the learning phase;
iii, the latency to reach the visible platform; iv the total distance moved in all trials; v, the time spent in % in the quadrants with the hidden platform (probe trial). The latency to the first movement in all trials and the total distance moved in all trials were also analyzed with a 7-level repeated measure outcome. The data of the latency to reach the hidden platform in the learning phase were analyzed also with a 4-level repeated measure outcome while the data of the latency to reach the visible platform were analyzed also with a 2-level repeated measure outcome. Data analyses are based on the statistic used for the rodent Morris water maze (Aloe et al. 1999; Fiore et al. 2002) . Post hoc comparisons within logical sets of means were performed by the Tukey's HSD test, the use of which is permissible or even recommended in the absence of significant main or interaction effects in the ANOVA in order to minimize frequency errors of both type I and type II (Wilcox 1987, pp.189-189) . Effect size was measured by the Eta-squared 
Discussion
This is the first investigation on gender differences in spatial navigation to show that the behavioural responses in a virtual Morris water task may be impaired in AUD men and AUD women.
We have used a spatial memory paradigm related to navigation and not to spatial memory in the micro space making this study more comparable with preclinical studies that is the main novelty point of the work (Fiore et al. 2002) . This aspect could be relevant more generally in studying the effect of addiction to specific substances (e.g, not only ethanol but also cannabis) that have an impact on the brain structure that is crucial for spatial memory and navigation: the hippocampus (Chersi and Burgess 2015) .
Indeed, so far, studies that have investigated spatial cognition on human participants with a history of addiction to substance that seems to affect the hippocampus are few (and often have used paper and pencil tests in the micro space) and (1) have mixed samples of men and women, but (1a) did not take into account the effect of gender (Beatty et al. 1996; Sneider et al. 2013b) or (1b) after detecting an overall gender effect decided to not investigate it further in the experimental sample (see Beatty et al. 1996) , or (2) investigated only men (Ceccanti et al. 2015b) although sometimes this has been specifically planned (e.g., (Palermo et al. 2012 ).
Based on the present results such changes resulted to be quite different between AUD men and AUD women. In particular, elevated latency to the first movement in all trials was observed only in AUD men (trials 1, 2, and 6). However, a gender difference was also revealed since control women had higher latencies compared to control men in trials 1, 2, 3 and 6. Increased time spent to reach the hidden platform in the learning phase was found for women of both groups compared to men, in particular during trial 3. As predicted AUD persons (more evident in men) spent less time in the target D r a f t quadrant during the probe trial, however, quite interestingly AUD women had higher latencies to reach the platform in the visible condition during trials 6 and 7 that resulted to be associated higher distance moved. As for the probe trial men of both groups showed increased virtual locomotion compared to the women of both groups. However, it could be considered further differential strategies on the maze task in women compared to men explaining the sex differences to initiate movement and to locate the platform.
As for the topic gender plus addiction plus spatial navigation the present study shows that AUD men and AUD women may have different responses in the virtual Morris task especially in the total distance moved in all trials and in the latency to reach the visible platform. The present investigation confirms and extends previous studies showing i: different gender responses in spatial learning tasks; ii: some alterations due to alcohol addiction in virtual spatial learning and iii: differences between AUD men and AUD women in spatial behavioural related paradigms.
As for the human gender differences (Astur et al. 2016 ) it has shown that males are faster and make more correct responses in mental rotation tasks (Voyer et al. 1995) . It has been well established that males outperform females on measures assessing overall virtual water maze performance (Astur et al. 1998) where adult males were faster in locating the hidden platform during training, a finding replicated in children (Newhouse et al. 2007 ). These investigations also found that when the platform was removed in the probe trial following training, males revealed a stronger search preference for the former platform quadrant. Also, gender differences have been shown in several navigation paradigms including real-life route-learning tasks (Saucier et al. 2002) and virtual reality simulations (Astur et al. 1998) .
A possible mechanism mediating apparent sex differences on overall task execution in humans is the extent to which distal characteristics of the environment can be effectively used. Two points of distal information believed to be essential to navigation D r a f t in the water maze are (1) distal stimuli, defined as distinct visual features of the environment located outside the pool wall and (2) the size and shape of the room in which the pool is located (Sandstrom et al. 1998) . The pool wall itself and reference points situated within its boundaries can also be utilized, and are referred to as proximal stimuli. It has been shown (Sandstrom et al. 1998 ) that men performed better than women when the geometry of the room was the only helpful source of distal information available. Quite interestingly, other studies (Saucier et al. 2002) demonstrated in a realworld navigation task that women displayed a preference in using landmark data, while men preferred cardinal directions (e.g. North, East) and distances. To investigate which visual features in the environment were utilized during virtual water maze responses, it was studied eye movements during the first 3 s of each trial. Whereas both men and women focussed towards distal features of the environment importantly longer than the pool wall or search area, shorter trial latencies in men corresponded with a somewhat longer focus on distal cues, and quicker visual investigation of the environment early during training (Mueller et al. 2008) . These data suggest that overall sex differences might originate from the ability of men to faster learn and discriminate crucial features of the distal environment. Other significant effects of age and sex were observed for path length navigation in the target region (narrower spatial sampling), and heading error, with young adults performing better than adolescents, and an overall male advantage in the virtual Morris water task (Sneider et al. 2015) . Young adults performed better than older adults, with a male advantage being evident in both age groups (Schoenfeld et al. 2010) . In a virtual Morris water task, 8-10-year-old children again revealed a male advantage in spatial ability, with boys performing better on the probe trial than girls (Newhouse et al. 2007 ).
In regard to alcohol addiction and spatial memory, these findings do confirm and extend our previous data showing that alcohol addiction may elicit motor control, attentional and motivational changes in the virtual Morris task (Ceccanti et al. 2015b) D r a f t involving also secondary effects of deficits in other cognitive domains. In other words, the findings of differences in latency on learning trials without differences in distance plus the impairment on the visible platform condition may challenge any interpretation of spatial memory deficit. The visible platform condition of the Morris water maze is intended as a control condition for non-specific/non-spatial factors including motivation and motor control factors, among others. These factors are also inherent to the spatial learning trials. Thus, when navigation to a visible proximal cue is impaired, clear interpretation of spatial memory abilities is not possible.
Ethanol addiction is known to elicit marked changes in memory and learning performances and motivated behaviours including spatial memory and place preference as shown by both animal models and humans studies (Fiore et al. 2009; Fontaine et al. 2016; Novier et al. 2015b) . Children with Fetal Alcohol Syndrome are impaired at place learning but not in cued-navigation (Hamilton et al. 2003) as measured by decreased time spent searching in the correct quadrant during the probe trial, despite similar motor control, attention and motivation. In an early report with different methods of investigation detoxified AUD people had impairments in visuospatial scanning, construction, utilizing and manipulating information from visual images but the remote spatial memory was not significantly affected (Beatty et al. 1996 ).
In conclusion, based on the multidirectional toxic effects of ethanol in both brain 
D r a f t
Figure 2. The figure shows the latency to the first movement in all trials in AUD men and AUD women undergoing alcohol detoxification and respective controls. The vertical lines in the figure indicate pooled standard error means (SEM) derived from appropriate error mean square in the ANOVA. Asterisks indicate significant differences between groups (*p<0.05). . The figure shows the latency to reach the visible platform (trials 6 and 7) in AUD men and AUD women undergoing detoxification and respective controls. The vertical lines in the figure indicate pooled standard error means (SEM) derived from appropriate error mean square in the ANOVA. Asterisks indicate significant differences between groups (*p<0.05).

